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Design Challenge Overview

/ 9] 9w9 A& Iy SRdzOFGAZ2YEFE LINBANIY O b! {!
participate in microgravity research on capillary action related to that ocotet on the
International Space Station (ISS). The students create their own experiments using Ce
Aided Design (CAD) with a provided template aimte CABoftware, which can be downloadeq
for free fromhttps://librecad.org/. Experiment proposals, which consist primarily of a single ¢
drawing, are submitted to NASA. The test cells are then manufactured using the drawings
computerO2 y i N2 f £t SR € I & SNJ Odzi G SN 91 OK  ®itetd
(https://www1.grc.nasa.gov/facilities/drop, where it will fall 30 meters (100 feet) and experien
2.2 seconds of apparent near weightlessness, i.e., microgravity. Video and still froagesch
drop are provided online for student analysis and the reporting of results, for example in a s
fair or class presentation. The example image shows a 2013 experiment (from Columb
during the middle of the drop, where the scallopediohel wall has slowed the upward motion
0KS 2At ONBfIFGAGBS G2-walegShamd)f Qa Y2GA2y Ay

CELERE enables students to participate in research related to space station science and lea
computer technology (e.g., CAD), both of which can inspire the pursuit of STEM caxbers
STEM stands for Science, Technology, Engineering, and MdibemBoy Scouts could use t
CAD drawing toward completion of tiraftingmerit badge. And selection in a natiande NASA
design challenge is an accomplishment worth noting on college applications!


https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://librecad.org/
https://www1.grc.nasa.gov/facilities/drop/
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Capillary Action

NASA is very interested in cdaily action because of its importance in liquid systems on spacecraft. On Earth, liquids
naturally flow downward because of gravity and equipment is designed and built to take advantage of that natural proces
For example, cars draw gasoline from thdtbm of the fuel tank. But in microgravity, liquids naturally flow because of
capillary action making it important for propellant, water processing, thermal control systeaswell as in some
materials processing.

Capillary action happens when the molges of a liquid (like water) are more attracted to a surface than to each other. In
paper towels, the molecules move along tiny fibers. In plants (like celery), they move upward through narrow tubes calle
capillaries. For more basic information aboaptlary action, see for example:
http://water.usgs.gov/edu/capillaryaction.html
http://web.mit.edu/nnf/education/wettability/index1.html
http://hyperphysics.phyastr.gsu.edu/hbassurten2.html#c4

Capillary action can be difficult to observe on Earth because of gravity, except in small capillaries. But while experimel
fall in a drop tower, where there seems to be almost no gravity, capillary effects are easy to see and study.

Drop Tower h
LY b!{! Qa 5NRBLI ¢26SNE &2dzNJ SELISNAYSy(d 4A Ny - LILIS |
it will behave as if there is nearly no gravitgf course neglecting the falll Gravity will still be|

presert, but our sensation of gravity and weight comes from a resistance to its pull, for exam S
because of the floor holding us up. But while freely falling, we feel weightless and that is | ' e
basis for many amusement park rides. This works because of theséng situation where all |/ |
objects fall at the same acceleration unless acted upon by another force. As one result, /
astronauts and the International Space Station fall together (around the Earth) such that
astronauts float within the space stati. This happens even though the space station is so clo
to the Earth that gravity there (in a letwarth orbit) is only about 10% less than that on the PN L]
LI I ySGQ&a adz2NFI OSo 2 KAfS GKA&A A& aLl oS LAl W GKS
through fee fall, i.e., microgravity, was put to practical use in the late 1700s when shot towdlP%ar M || INE\

were first built to produce superior shot for hunting. In those towers, droplets of liquid le 1

became spherical because of the surface tension resulting fromlihézh R Q& | G G NI ATy AGa

You can learn more about microgravity at: i f b VAW
http://www.nasa.gov/centers/glenn/shuttlestation/station/microgex.html Source: Portland State

http://www.nasa.gov/audience/foreducators/microgravity/home/index.html University

Glenn Research Center (GRC)

A hub foringenuity and innovation, the Glenn Research Center, located in Cleveland Ohio, designs and develops innovat
G§SOKy2t23A8a GKFd FTRAGFHyOS Db!{! Qa YAaarzyaod ¢KS Dw/ ¥
tunnels, drop towers, vacuunthambers, a research aircraft hangar and facilities that simulate various space
environments. A highly skilled workforce of over 3,000 scientists, engineers, technicians, administrative and support ste
work on researching and testing new technologiesixnareas of expertise.

Aircraft Propulsion

Communications Technology and Development
Space Propulsion and Cryogenic Fluids Management
Power, Energy Storage, and Conversion

Materials and Structures for Extreme Environments
Physical Sciences and Biomedical Technologies
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http://water.usgs.gov/edu/capillaryaction.html
http://web.mit.edu/nnf/education/wettability/index1.html
http://hyperphysics.phy-astr.gsu.edu/hbase/surten2.html#c4
http://www.nasa.gov/centers/glenn/shuttlestation/station/microgex.html
http://www.nasa.gov/audience/foreducators/microgravity/home/index.html
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Now you can design your own microgravity experiment and investigate capillary action just like GRC Researchers and
astronauts. Begin by visiting the ERE web site ZELERHSS Research Desighallenge | Glenn Research Center |
NASAand reading this handbook.

Source: NASA

Many astronauts have participated in microgravity studies of capillary action, including for example the following foe @€gbd, Clay Anderson,

Dan Burbank, Chris Cassidy, Cadgr@ah, Tracy Caldwell Dyson, Mike Fincke, Kevin Ford, Mike Fossum, Mike Hopkins, Scott Kelly, Mike Lope
Alegria, Bill McArthur, Tom Marshburn, Karen Nyberg, Don Pettit, Shannon Walker, Peggy Whitson, Jeff Williams, andiSomsitgNgilvn above
operating CFE on the space station).

Eligibility

The design challenge is for youth in gradek28who may participate as individuals or in teams of any size. Teams may
also include younger students as long as there is at least one team mamtpades 8.2, where this option can facilitate

the participation of informal science clubs, Scouts, etc. Youth are free to get help from adults, for example in creatir
their CAD drawing. But this program is for youth.

The program is limited to youtlidm the United States, but citizenship is not required. More specifically, CELERE is ope
to all fifty states, the District of Columbia, Puerto Rico, American Samoa, Guam, the Northern Mariana Islands, the U
Virgin Islands, andll DODEAschools, i.e., schools of the U.S. Department of Defense Education Activity for the childrenr
of U.S. military personnel.

Whether as an individual participant or team member, a student magsiseciated with at most a single CELERE proposal.
Furthermore, a maximum of 7 experiment proposals may be submitted by a single school or organization for the challenc
All proposals and communication with NASA personnel must be conducted in English.

Sdection

Since the initiation of this design challenge, 100% of the entries received were selected for fabrication and testing |
microgravity. However, this was often done after team revision of the CAD drawings because they failed to meet th
design reqirements specified in this documerRlease know that the tentative plan is to reject such submissions, i.e.,
which violate the design requiremens 2 NBRdzOS b! {! Qa g2NJf2FR aa20Al (!
Mr. Dennis Stocker, is nowuby guiding testing on the International Space Station for the Advanced Combustion via
Microgravity Experiments (ACME) project, which consists of six experiments. ACME tests will be conducted on an ongc
basis for the next few years, so it is furttzatticipated that the CELERE design challenge will not be offered in the future
¢tKS OKIfftSyasS LINRoftSY KIF&a OKIFy3ISR TNBYGESHNISNA y&ES IANE



http://spaceflightsystems.grc.nasa.gov/CELERE/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
http://www.dodea.edu/
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Revisions were requested of roughly 50% of the CELER&sentbmitted last year, so close attention should be paid to
the design requirementandcommon mistakes described in this document. Failure to do so may easily lead to rejection.

NASA will not check drawings to make sure that they are acceptablagtioe entry deadline, but will answer questions
o2dzi G§KS RSaA3aly NBIldzZANBYSyiao® b2y SGKSt Saasx Al Aa (K
that the requirements are met.

If the design and submission requirements are ntie¢, odds of selection are quite high, where at least one qualifying
SYGNB A& 3Idz NI yaSSR F2NI SIFOK adlasSs StOd tAadSR fyodmy RSN
entry from an overseas DODEA school. Selection is assargeed for at least one qualifying entry from a Bureau of
Indian EducationBI§ school. In past years, i.e., 262318, there have only been participants from 17 states and one
overseas DODEA school (in Germanyyosw entry could easily be the first from your locale.

Conference

Some CELERE participartiased on their experiment design, data analysis, and written repuitt be invited to present
their results in a student poster session at taenualmeeting d the American Society for Gravitational and Space
Research (ASGSRyw.asgsr.oryjon November 3réth 2021. Limited financial support may be available for invited non
local teams to travel to Baltimore, Marylandrfthis purpose. It is envisioned that up to six teams will be invited to the
conference, where three are local and three are #ocal, e.g., from more than 150 miles away from the conference site.

Cost

There is no cost to participate in CELERE other tthe optional conference travel.

Files & Educational Resources

Access CELERE files and various educational resources related to micrograitjiyAilayurl.com/SEECmicrogravity

Widgets Drawings Help
KeyChanges from 2018 T 12 | e 5 5 L
All CELERE entries must be submitted in English. Any ... T AN ® & »

communication with NASA regarding CELERE will also |
conducted in English.
The tentative plan is to reject entries which violate the
design requirements, whereas the 202818 approach
was to request the teams to revise their CAD drawings t
correct shortcomings. This will be determined by NASA
based on the number of total entries, so it is very
important to make sure your drawing is correct the first
time!
The freelydownloadablelibreCADsoftware upon which
the tutorial is based has been and continues to be
updated.
The drawing template has been updated. Please use
2021 drawing template which can be downloaded from: T

CELEREISS Research Design Challenge | Gle

Research Center | NASA

http://tinyurl.com/SEECmicrogravity

CELERE_ 7021 TEMPLATE

The other supporting documentsuch as this handbook, the tutorial, and entry forimave also been updated.


http://bie.edu/
http://www.asgsr.org/
http://tinyurl.com/SEECmicrogravity
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
http://tinyurl.com/SEECmicrogravity
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How to Participate

Preparation and Submission

(0]

(0]
(0]

o O

o

Explore the CELERE websitehéhs://www1.grc.nasa.gov/space/educatiesutreach/droptower-

competition/pastdrop-tower-challengesand-competitions/celere.

LT @2dz NS | CI 0S0622 | wamfSchdok 8OmMNARQeleieKS / 9 9 w9

Read this handbook.

Learn about capillary action, e.g., through:
http://hyperphysics.phyastr.gsu.edu/hbase/surten2.html#c4
http://web.mit.edu/nnf/education/wettability/index1.html

Review past experiants through the appendix of this handbook.

Download the CELERE22@utorial from https://www1.grc.nasa.gov/gace/educatioroutreach/drop

tower-competition/pastdrop-tower-challengesand-competitions/celere/

Download the drawing template fromttps://www1.grc.nasa.gov/space/educatienutreach/drop

tower-competition/pastdrop-tower-challengesand-competitions/celere/ The use of past templates is

unacceptable.

From https://librecad.org/, download theLibreCABCAD software and go through the CELERE tutorial.

You may use other CAD software that works itR Eil&s¢ but the tutorial is based on the frégbreCAD

software.

Review the design requirements and common mistakeligmhandbook.

Develop your research question.

Design your test cell so that (1) the results will answer your research question and (2) it is different from

the past CELERE experiments shown in the appendix.

Download the entrform fromthe CELERE websitad fill it out.

Verify that all design requirements are fully met or risk rejection!

E-mail the drawing fileand entry form tocelere@lists.nasa.gqwhere this step might be done by your

teacher/advisor) byarch 1.

Testing and Analysis

0 Selected experiments are normally conducted during the month of their submission deadline.

o When notified, download the results fromMIDEO LINKote that the video files are not standard, but can
be viewed using VLC Media Player which can be freely downloaded from
http://www.videolan.org/vic/index.html

0 Analyze the results by comparinggh OF LAt £ I NB Y2GA2y Ay @&2dzNJ G§Sai
position of the oil in each channel as a function of time (e.g., knowing thatdpigéd video includes 60
frames per second). The position can be determined in pixels, e.g., usirgsdft Paint, which shows
the position of the crosshairs in pixels, and then converted later into millimeters.

o From the position data, average speeds can easily be determined.

Reporting

o Prepare a written report about what you learned, ananeail it by TBDto celere@lists.nasa.gdwhere
the submission might be done by your teacher/advisor). The report should include discussion of wha
was good about the CELERE design challenge and what needs improvement.

o If invited, optionally present your results in a student poster session at the meeting of the American

Society for Gravitational and Space Research (ASG®Rasgsr.orjjon Nov.3-6 2021

Limited financial support may be available for Honal teams to travel t@altimore, Marylandor this
purpose.

Note that product references do not indicate an endorsement on the part of NASA or the federal governrdent.
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https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
http://www.facebook.com/NASA.celere
http://hyperphysics.phy-astr.gsu.edu/hbase/surten2.html#c4
http://web.mit.edu/nnf/education/wettability/index1.html
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://librecad.org/
mailto:celere@lists.nasa.gov
http://www.videolan.org/vlc/index.html
mailto:celere@lists.nasa.gov
http://www.asgsr.org/
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Experiment Hardware, Testing, arshalysis

Instructions & comments

Screen shots, images, and diagrams

ComputerAided Design (CAD) image g
sample test cell showing the three laye
ASLI NFGSR AY |y af
participants design the black midd
layer which will besandwiched betweer
the clear front and black plates. Tho
two standard plates have air vents
their top.

VERY IMPORTANThe channels cut il
the middle layer must extend from th
base to the air vents to enable th
OF LIAE € NB | OGA2isgd
om0 GKS fAljdAR OF
OHU GKS AN 0208

AIR EXITSLOT

AIR EXIT SLOT

FRONT MIDDLE BACK

CAD image of the example test ¢
assembled, with the three layel
together.

ALLTHREE LAYERS TOGETHER
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You will use the free CAD softwa
package, LibreCAD and a provided
template to design and draw the midd|
layer of your test cell. Your submitte
drawing will be used to fabricate th
middle layer. In this image, the black
the template for the middd layer, the
green shows the air vents in the front ai
back layers, and the red shows tl
channels in which the liquid will rise.

LibreCADcan be freely downloaded fa

Windows, Mac, etc. from:
https://librecad.ord

Please make sure to use the 20
drawing template which is available fi
download from:

CELERE ISS ResednicDesign Challenge
Glenn Research Center | NASA

" CELERE_2021_0H_GRE

Jones _ ABC

C\ .

b! {! gAftf Odzi & 2ad;
with its unique channels, out of blag
acrylic using a computeontrolled laser
cutter and your CAD drawing.



https://librecad.org/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
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NASA will assemble your test cell a
mount it in a container so that its base
within a reservoir & a lowviscosity
silicone oil. This oil is attracted to tH
acrylic and will respond quickly durir
the short duration of the drop.

With this approach, the fluid is not &
acceptable variable in your CELE
experiment. Instead, you will b
studying thedifferences in the capillar
Y2GA2y Ay Sk OK 3
channels. Inthe example test cell shov
the effect of curved and sharp corne|
are compared, i.e., in the two zigzi
channels.

The test cell and reservoir will be placi
on an experiment rig between a vidg
camera and a light source, such that t
test cell will be back lit.

The experiment rig will be placed insidg
drag shield ati KS (2L) 27F
Tower. When everything is ready, ti
drag shield and the experiment rig will |
dropped and fall for 2.2 seconds duril
which time it will experience apparer
near weightlessness (i.e., microgravit]
During the drop, the camera wiimage
the capillary rise of the liquid inside th
channels.

——

Sample images every 0.3 second.

29 June 2021
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One option for analyzing your results
through the ImageJ software, which c:

be freely downloaded at:
https://imagej.nih.gov/ij/download.html

See overview below for ImageJ analysis.

In this example, an image processi
software similar to ImageJ is being us
to track the location of the meniscigli,
liquid-air interface, from frame to frame
as it rises within the channels. In th
image, up is the left and down is to th
right. Furthermore, it is the loweg
(farthest right) point on the meniscu
surface that is being tracked.

But you can ats make position
measurements with simple software, lik
Microsoft Paint which continually
reveals the position of its crosshairs (e.
in the bottom left of the window). Simpl
load an image, move the crosshairs
each desired position and write dow
their values (i.e., by hand). Repeat
track the positions as a function of time

You can even make measuremel
manually by taping a transparent overl;
to your computer monitor and markin
the positions using a permanent marke
You can make measuremts for
multiple images (i.e., times) using th
same transparency by marking eal
position with the image number.

This task can be simplified by only mak
measurements at every tenth frame (f¢
example), where that equates to eve
one sixth of a secah



https://imagej.nih.gov/ij/download.html
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Tracking of moving particles (micromotors) using FiJi or Imagédul ube

Download and launch Imaged. T

ImageJ. You can slide along the track
the bottom to see the video progressio|

. . 4 Image) — %
foIIowmg window should appear. File Edit Image Process Analyze Plugins Window Help
+
B o|z|o| /4w NAl|Q|m| ] cro| 4] ] 7] | |»
Angle tool
Use a file converter to change the giv; M X = (NASA2021 Baract - 0
Vldeo flle to a folder fu” of TIFF Ima! Home Share View Compressed Folder Tools
f||eS Documents Pictu
o Extract
. . hots REENSHOTS all
An example file converter i81P4 to TIFF Extract o
Converter: Free, Secure, Online « v 4 1 « Do.| Extractall 5 Search NA
M Conve rter n b Extract all items in this folder.
ﬁ' 2
Once the file is processed ant ! g r*".‘
. . o E = L
downloaded you will need to find it i ! !
w A X . A Lo Test Test
e 2 dZNJ T A t S a I y R a I "y [MConverter.eu] [MConverter.eu]
8 itemns 1 itemn selected 505 MB
In Ima‘ge‘] go ta- 7\ t S I-b 7\ Y LJ | £ Import Image Sequence X
Sequence
Dir: IC \Users\sammi\Downloads\NASA 2021\Test [MConverter. eu]‘l Browse
Once there, find the extracted zip file d -
your folder and upload it to ImageJ wi pe: [dcfaut ]
the default image settings -
a I 1 S é dZN:S l:l K I l:l [V Sort names numerically
A~ < « - [™ Use virtual stack
bdzYSNAOI ffeéeg Aa |
OK Cancel | Help
Now you should have a slideshow of t
. . File Edt Image Process Analyze Plugins Window Help
frames from the video loaded int |/« N AlQl® | cFlox| £] 6|~ »

1.1iff), 1920x1080 pixels, RGB. 2GB
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https://www.youtube.com/watch?v=TV_goZfukaA
https://www.youtube.com/watch?v=TV_goZfukaA
https://mconverter.eu/convert/mp4/tiff/
https://mconverter.eu/convert/mp4/tiff/
https://mconverter.eu/convert/mp4/tiff/
https://mconverter.eu/convert/mp4/tiff/
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Under Plugh vy a
aal ydz f ¢

If this plugin is missing, here ishe
website to install it with instructions.

Manual Tracking (nih.gov)

¢ Imagel
File Edit Image Process Analyze [[FEIEN Window Help

[:LJJ g Macros »

| e 2|0 ] #] |

. X

Scrolling tool (or pres| Shortcuts »
Utilities

New
Compile and Run...
Install.... Ctrl+Shift+M

! 3D
Analyze
Examples
Filters

Graphics

ImageJ Updater
Input-Output 4
Scripts

Stacks

Tools

Input in your desired parameters [
filling in the information in the red circle

you imported into ImageJ.

G- . /FTEAONI GAZ2YE
camera.
¢KSYy /tA01 2y 4!R

Time interval is the legth of the video |

_é Tracking

Tracking :

Add track Delete last point |

End frack

Delete track n®

Delete all tracks

[~ Show path ?

Centring Correction:

Centring option : Local maximurm

=

[ Use centring correction ?

Directionality :

Add reference Delete reference

[ Show reference ?

Mo reference set
[~ Use directionality ?

Drawing :
Dots Progressive Lines Dots & Lines
Cwerlay Dots Cwerlay Lines Cwerlay Dots & Lines
[ Show text ?

Load Previous Track File |I7 Show parameters ?

Retrieve Z Coordinates

Parameters :

Time Interval - ‘ \ [sec
wly calibration : q/\ / |um

z calibration : |D.3

Search square size for centring: |5.U pixels
Dot size |5.U

Line width - 10

Font size |12.[J
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https://imagej.nih.gov/ij/plugins/track/track.html
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Click on the menisci as it rises to track 1
location, from frame to frame. Image
similar to the one in the bottom lef
corner of the image.

Sentring option

Add reference

Centring Correction:

Local maumum

Use centring correction 7

Directonaiity
Delete reference

Show reference 7

File Edt Image Process Analyze Plugins Window Help

[mife)
x=12!

A QM J| cFlow

8,128 (¥eb5060)

My
c(o| /. L5

No reference set

Use directionaity 7

29 June 2021

I &~

Click File and Save to ensure the dati
saved. It will export as an Excel file wh|
can be used for analissand plotting.

He

0 .0
00 =(

In this example plot, the fluid rise withi
the channels can be seen. The blue &
red reveal the rise in the rounded (lef
and sharp (right) channels, respective
(as seen in the images on the previg

pages).

The results show it the fluid generally
slowed down at each corner, but more !
in the sharp cornered channel. Therefg
the fluid travels farther in the rounc
cornered channel.

Detailed analysis such as this is 1|
required for CELERE, but all participa
are required o briefly report on their
findings.

Drawing
Dots Progressive Lines Dots & Line
[x [ [oistance [Velocity [Phei Vaiue
1905 414 -1000 -1.00 3421760
1911 414 0774 0111 7504512
1911 414 0000 0000
1911 414 0000 0000
1911 414 0000 0.000
1911 414 0000 0000
1911 414 0000 0.000
1911 414 0000 0.000
1911 414 0000 0.000 671808(¢ »id
File Home Insert Draw Page Layout Formulas Data Review View
I D [x Calibri 1~ AA General
-
Past
T BIU~|H-&a-4a- $-% 2
Clipboard 1% Font 7] Numt
Al f Track n®
A B & D B F G H [
1 |Trackn® |Slicen® X Y Distance Velocity Pixel Value
2 1 1 1905 414 -1 -1 -8421760
5 1 2 1911 414 0.774 0.111 -7504512
4 1 3 1911 414 0 0 -6193792
& 1 4 1911 414 0 0 -5866112
6 1 5 1911 414 0 0 -6718080
7 1 6 1911 414 0 0 -7242368
8 1 7 1911 414 0 0 -6980224
9 1 8 1911 414 0 0 -6980224
10 1 9 1911 414 0 0 -6718080
11 1 10 1911 414 0 0 -8356480
12 1 11 1911 414 0 0 -1E+07
13 1 12 1911 414 0 0 -9273984
14 1 13 1911 414 0 0 -6718080
15 1 14 1911 414 0 0 -7438721
16 1 15 1911 414 0 0 -6128001
17 1 16 1911 414 0 0 -5996929
18 1 17 1911 414 0 0 -7176577
19 1 18 1911 414 0 0 -6455681
20 1 19 1911 414 0 0 -6128001
21 1 20 1911 414 0 0 -6259073
Capillary Flow Along a Curved Path
140
120
+ Sharp Corners
® Rounded Corners
100
E
E 80
c
2
o
g 60
o
40
20
0

0.5 1
Time (s)

15
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Design Requirements

These requirements aréERYMPORTANDBecause they will be used in selecting experiments for fabrication and testing.

You risk rejection if you do not closely follow these requirements!

Experiment requirements

¢KS SELISNAYSYy( Ydzad KI @S | NBE&SHamBIK ljdzSadiAzy GKI
GKS NBaSINOK ljdSaidiAazy Ydzaid I RRNXaa (GKS STFFSOG 27
G§KS SELISNAYSy( Ydzad AyOfdzRRS 2yfe 2yS (S5aid OSftf
GKS GSai OStft YdzaAad KIFI@S G tSFrad nw OKIFIyySftfax

i Kn8ls shduld ideally differ in a single way,

0KS GFNAIFGA2Y 0S0G6SSy (GKS OKIFyySfta Ydzad I-RRNB
GKS SELISNAYSYy( Ydzad RATFSNI FNRY GKS LI ad /9[09
iKS RNI ¢Ay3tbenaReddsy G NE FAE S& Ydzd

CELERE_2021 <StateAbbrev>_<OrgAbbrev>_<AdvisorLastName>_<ParticipantAbbrev>

where the drawing is a dwg file and the entry file is in a pdf or doc format. Furthermore, sufficient abbreviation is

a A

[

N O

R
(

required that the file name fits withintheMll 6 A y 3Q& GSad OStft 2dzit AyS Ay |
Drawing reqwreme nts
/ dzi fAySa YdzAad o06S Ay GKS /LibteCARI @ SNJ 6 6 KAOK y2NXNI f f¢
Odzii fAyS& Ydzald 0SS O2ylGAydz2dzz O0ADPSOT GgAGK2dzi I+ LIAO:
Odzi fAySa Ydzald o Siadtye grieenout]’nrfécSveniEmuancDSdrnfto the kest Gel baddl a &
Odzi fAySa Ydzald y20 ONRaa (KSvyaStg@gSa 2NJ SI OK 2{KSNI
Odzii ftAySa Ydzald y20 (2dz0K (KS ongliRESlhnereggs, o6 YI NJ SR
OKIyySta Ydad oS 4G £SFad o YY LI NIZ
OKIyy St a-a2 ewyafil WBNBSOA PSP 2288 Odzi LIASOSE dza
y2iGKAY3 6AyOfdzRAYy3I GSEGO OFly 068 2dziaARS 2F GKS o
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Discussion

C2NJ GKS /9[9w9 5S8aAr3dy /KIfftSyasSy G(KS NBaSFNOK jdzSada
the capillary flow. The liquid will not be accepted as a parameter because\ddowsity and thus fasicting oil willbe

used for all CELERE experiments. A research question is required for each CELERE submission, but hypotheses are o
and will not be used as the basis for selection. Research questions are expected to be specific to the experiment. Gen
quest ya adzOK & aAy 6KAOK OKFIyySt gAft (GKS 2Af NARAS Y
jdzSatiAz2y A& aGAy 1T A3IT I3 OKFLyyStas gAaff GKS 2Af NARAS VY

CELERE experiments must have two orarbrannels because they are conducted with a single test cell. Therefore, two
or more channels are required to allow comparison of the resulting behavior. The other key is that the channels shou
ideally differ from each other in only one way so tha¢ ttause of any differences in the capillary action will be obvious.
LT GKS OKIFyySta RAFFSNIAY G2 2N Y2NB gl eazx GKSy Al
capillary flow.

Of course, the research question must be answedgdsuccessful copduct gf the experiment, i.e., with the variation
between the channels. For example, if the research questioriisy 1T A 31 3 OKI yy St ax gAff
O2NYSNE | NB QmaNEeSiperindlit ndust haMd dizig channel with both curved and sharp corners.

Some examples of past experiments which meet the experiment requirements are shown below. The experiment shov
on the left is arguably the simplest example, where it clearly examines the effect of theathaidth on the capillary
action. In the center experiment, the effect of the curvature on the capillary action is explored through a comparisor
0SG6SSy (KS 2AtQa Y2iA2y Ay Odz2NBSR | yR &GN} AIKigstt@Kl y
effect of elliptical cavities on the capillary motion.

In the previous examples, the comparison is consistently made against a straight vertical channel. While acceptable ¢
appropriate for many experiments, that shape is not required fgoad CELERE experiment. For example, the experiment
shown subsequently (on the left) has channels which narrow with height. But the experiment can still clearly reveal th
effect of the triangular cavities on the capillary phenomena. Meanwhile, theteffethe cavity shape can be clearly
explored in the other two experiments shown below.
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